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Abstract
We study the two-body and three-body charmful baryonic B decays: B
0 → Λc p¯ and B →
Λc p¯ pi(ρ). The factorizable W -exchange contribution to B
0 → Λc p¯ is negligible. Applying the
bag model to evaluate the baryon-to-baryon weak transition matrix element, we find B(B0 →
Λc p¯) <∼ 1.1 × 10−5|gB0pΣ+b /6|
2 with gB0pΣ+
b
being a strong coupling for the decay Σ+b → B
0
p and
hence the predicted branching ratio is well below the current experimental limit. The factorizable
contributions to B− → Λc p¯pi− can account for the observed branching ratio of order 6×10−4. The
branching ratio of B− → Λc p¯ρ− is larger than that of B− → Λc p¯pi− by a factor of about 2.6 . We
explain why the three-body charmful baryonic B decay has a larger rate than the two-body one,
contrary to the case of mesonic B decays.
1
I. INTRODUCTION
Inspired by the claim of the observation of the decay modes pp¯π± and pp¯π+π− in B
decays by ARGUS [1] in the late 1980s, baryonic B decays were studied extensively around
the early 1990s [2–13] with the focus on the two-body decay modes, e.g. B → pp¯, ΛΛ¯. Up
to now, none of the two-body baryonic B decays have been observed. Indeed, most of the
earlier predictions based on the pole model or QCD sum rule or the diquark model are too
large compared to experiment [14,15] (see Table I).
TABLE I. Predictions of branching ratios for some two-body baryonic B decays in various
models. We have normalized the branching ratios to |Vub/Vcb| = 0.085 . The predictions given in
[11] are carried out in two different quark-pair-creation models: local and nonlocal. Experimental
limits are taken from [14,15].
[11]
[3] [7] [9] [10]
non-local local
experiment
B
0 → Λcp¯ 4× 10−4 8.5× 10−4 1.1× 10−3 1.7 × 10−3 1.9× 10−3 < 2.1 × 10−4
B
0 → pp¯ 4.2× 10−6 1.2 × 10−6 5.9× 10−6 7.0× 10−6 2.9 × 10−6 2.7× 10−5 < 1.6 × 10−6
B
0 → ΛΛ¯ 3.0× 10−6 1.2 × 10−6 2.3× 10−5 < 2.3 × 10−6
B− → ∆¯−−p 1.5× 10−4 2.9 × 10−7 3.2× 10−4 7.2 × 10−7 8.7× 10−6 < 1.5 × 10−4
In order to understand why the momentum spectrum of produced Λc in inclusive B
decays is soft and why the two-body decay modes, e.g. B → {Λc,Σc}{p¯, ∆¯}, have not been
observed, Dunietz [16] argued that a straightforward Dalitz plot for the dominant b → cu¯d
transition predicts the c d invariant mass to be very large. The very massive c d q objects
would be usually seen as Λcnπ(n ≥ 1) if the c d forms a charmed baryon. This explains the
observed soft Λc momentum spectrum and the non-observation of Λcp¯ decay. Since the very
massive c d q could also be seen as D(∗)NX , the baryonic processes B → D(∗)NN¯ ′X would
be likely sizable. Indeed, CLEO has recently reported the observation of B0 → D∗−pn¯ at the
10−3 level and B0 → D∗−pp¯π+ at the 10−4 level [17]. Theoretically, the three-body decay
modes B → D∗−NN¯ and B0 → ρ−(π−)pn¯ have been recently studied in [18,19].
A similar observation has been made by Hou and Soni [20]. They pointed out that the
smallness of the two-body baryonic decay B → B1B2 has to do with the large energy release.
They conjectured that in order to have larger baryonic B decays, one has to reduce the
energy release and at the same time allow for baryonic ingredients to be present in the final
state. Under this argument, the three-body decay, for example B → ρpn¯, will dominate
over the two-body mode B → pp¯ since the ejected ρ meson in the former decay carries
away much energy and the configuration is more favorable for baryon production because
of reduced energy release compared to the latter [19]. This is in contrast to the mesonic
2
B decays where two-body decay rates are usually comparable to the three-body modes.
The large rate of B0 → D∗−pn¯ and B0 → D∗−pp¯π+ observed by CLEO indicates that the
decays B → baryons receive comparable contributions from B → Λcp¯X and B → [D]NN¯ ′X ,
where [D] denotes any charmed meson. By the same token, it is expected that for charmless
baryonic B decays, B → ρ(π)B1B2 are the dominant modes induced by tree operators and
B → (π, η′, ρ)B1(s)B2, e.g. B → ρΛp¯, are the leading modes induced by penguin diagrams.
In this work we focus on charmful baryonic decays B → Λcp¯X . The experimental results
are summarized as [21]:
B(B− → Λcp¯π−) = (6.2± 2.7)× 10−4, B(B0 → Λcp¯π0) < 5.9× 10−4,
B(B0 → Λcp¯π+π−) = (1.3± 0.6)× 10−3, B(B− → Λcp¯π−π0) < 3.12× 10−3, (1.1)
together with the upper limit B(B0 → Λcp¯) < 2.1 × 10−4. It is evident that the two-body
mode is suppressed. Specifically, we shall study B
0 → Λc p¯ and B− → Λc p¯ π−(ρ−) in detail
in order to understand their underlying decay mechanism. It has been advocated that the
B decay to Λcp¯+π’s is suppressed relative to Λcp¯ [10]. We shall see that this is not the case.
The layout of the present paper is organized as follows. In Sec. II we first study the
two-body charmful decay B
0 → Λc p¯ to update the prediction of its branching ratio. We
then turn to the three-body decays B → Λc p¯ π(ρ) in Sec. III. A detail of the MIT bag model
for the evaluation of baryon-to-baryon weak transition matrix elements is presented in the
Appendix.
II. TWO-BODY CHARMFUL BARYONIC DECAY B
0 → Λc p¯
We first study the two-body baryonic decay B
0 → Λc p¯ to update its prediction and
understand why it is suppressed compared to three-body modes. To proceed, we first write
down the relevant Hamiltonian
Heff = GF√
2
VcbV
∗
ud[c1(µ)O1(µ) + c2(µ)O2(µ)] + h.c., (2.1)
where O1 = (c¯b)(d¯u) and O2 = (c¯u)(d¯b) with (q¯1q2) ≡ q¯1γµ(1 − γ5)q2. In order to ensure
that the physical amplitude is renormalization scale and γ5-scheme independent, we include
vertex corrections to hadronic matrix elements. This amounts to modifying the Wilson
coefficients by [22]:
c1(µ)→ ceff1 = c1(µ) +
αs
4π
(
γ(0)T ln
mb
µ
+ rˆT
)
1i
ci(µ),
c2(µ)→ ceff2 = c2(µ) +
αs
4π
(
γ(0)T ln
mb
µ
+ rˆT
)
2i
ci(µ), (2.2)
where the anomalous dimension matrix γ(0) and the constant matrix rˆ in the naive dimen-
sional regularization and ’t Hooft-Veltman schemes can be found in [22]. The superscript
3
T in Eq. (2.2) denotes a transpose of the matrix. Numerically we have ceff1 = 1.168 and
ceff2 = −0.365 [22]. It should be stressed that ceff1 and ceff2 are renormalization scale and
scheme independent.∗ For later purposes we write
Heff = GF√
2
VcbV
∗
ud[c+O+ + c−O−] + h.c., (2.3)
with O± = O1 ± O2 and c± = 12(ceff1 ± ceff2 ).
The decay amplitude of B
0 → Λc p¯ consists of factorizable and nonfactorizable parts:
A(B
0 → Λc p¯) = A(B0 → Λc p¯)fact + A(B0 → Λc p¯)nonfact, (2.4)
with
A(B
0 → Λc p¯)fact = GF√
2
VcbV
∗
ud a2〈Λcp¯|(c¯u)|0〉〈0|(d¯b)|B0〉, (2.5)
where a2 = c
eff
2 + c
eff
1 /Nc. The short-distance factorizable contribution is nothing but the
W -exchange diagram. This W -exchange contribution has been estimated and is found to be
very small and hence can be neglected [5,13]. However, a direct evaluation of nonfactorizable
contributions is very difficult. This is the case in particular for baryons, which being made
out of three quarks, in contrast to two quarks for mesons, bring along several essential
complications. In order to circumvent this difficulty, it is customary to assume that the
nonfactorizable effect is dominated by the pole diagram with low-lying baryon intermediate
states; that is, nonfactorizable s- and p-wave amplitudes are dominated by 1
2
−
low-lying
baryon resonances and 1
2
+
ground-state intermediate states, respectively [10]. ForB
0 → Λc p¯,
we consider the strong-interaction process B
0 → Σ+(∗)b p¯ followed by the weak transition
Σ
+(∗)
b → Λc, where Σ∗b is a 12
−
baryon resonance (see Fig. 1). Considering the strong
coupling
igBpΣbψΣbγ5ψpφB + gBpΣ∗bψΣ∗bψpφB, (2.6)
the pole-diagram amplitude has the form
A(B
0 → Λcp¯)nonfact = u¯Λc(A+Bγ5)vp, (2.7)
where
A = −
gB0pΣ+∗
b
bΣ∗
b
Λc
mΛc −mΣ∗b
, B =
gB0pΣ+
b
aΣbΛc
mΛc −mΣb
(2.8)
∗For the mesonic decay B → M1M2 with two mesons in the final state, two of the four quarks
involving in the vertex diagrams will form an ejected meson. In this case, it is necessary to take
into account the convolution with the ejected meson wave function.
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FIG. 1. Some pole diagrams for B
0 → Λcp¯ where the symbol • denotes the weak vertex. (a)
corresponds to nonfactorizable internal W emission, while (b) to the W -exchange contribution.
correspond to s-wave parity-violating (PV) and p-wave parity-conserving (PC) amplitudes,
respectively, and
〈Λc|HPCeff |Σ+b 〉 = u¯ΛcaΣbΛcuΣb, 〈Λc|HPVeff |Σ∗+b 〉 = iu¯ΛcbΣ∗bΛcuΣ∗b . (2.9)
The main task is to evaluate the weak matrix elements and the strong coupling constants.
We shall employ the MIT bag model [23] to evaluate the baryon matrix elements (see e.g.
[24,25] for the method). Since the quark-model wave functions best resemble the hadronic
states in the frame where both baryons are static, we thus adopt the static bag approximation
for the calculation. Note that because the four-quark operator O+ is symmetric in color
indices, it does not contribute to the baryon-baryon matrix element since the baryon-color
wave function is totally antisymmetric. From Eq. (2.3) and the Appendix we obtain the PC
matrix element
aΣbΛc = −
GF√
2
VcbV
∗
ud c−
4√
6
(X1 + 3X2)(4π), (2.10)
where
X1 =
∫ R
0
r2dr[uc(r)vu(r)− vc(r)uu(r)][ud(r)vb(r)− vd(r)ub(r)],
X2 =
∫ R
0
r2dr[uc(r)uu(r) + vc(r)vu(r)][ud(r)ub(r) + vd(r)vb(r)], (2.11)
are four-quark overlap bag integrals (see the Appendix for notation). In principle, one can
also follow [24] to tackle the low-lying negative-parity Σ∗b state in the bag model and evaluate
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the PV matrix element bΣ∗cΛc .
† However, it is known that the bag model is less successful even
for the physical non-charm and non-bottom 1
2
−
resonances [23], not mentioning the charm
or bottom 1
2
−
resonances. In short, we know very little about the 1
2
−
state. Therefore, we
will not evaluate the PV matrix element bΣ∗bΛc as its calculation in the bag model is much
involved and is far more uncertain than the PC one [24].
Using the bag wave functions given in the Appendix, we find, numerically,
X1 = −1.49 × 10−5GeV3, X2 = 1.81× 10−4GeV3. (2.12)
The decay rate of B → B1B2 is given by
Γ(B → B1B2) = pc
4π
{
|A|2 (mB +m1 +m2)
2p2c
(E1 +m1)(E2 +m2)m2B
+ |B|2 [(E1 +m1)(E2 +m2) + p
2
c ]
2
(E1 +m1)(E2 +m2)m2B
}
, (2.13)
where pc is the c.m. momentum, and Ei and mi are the energy and mass of the baryon Bi,
respectively. Putting everything together we obtain
B(B0 → Λcp¯)PC = 7.2× 10−6
∣∣∣∣gB0pΣ+b6
∣∣∣∣
2
. (2.14)
The PV contribution is expected to be smaller. For example, it is found to be ΓPV/ΓPC = 0.59
in [10]. Therefore, we conclude that
B(B0 → Λcp¯) <∼ 1.1× 10−5
∣∣∣∣gB0pΣ+b6
∣∣∣∣
2
. (2.15)
The strong coupling gB0pΣ+
b
has been estimated in [10] using the quark-pair-creation model
and it is found to lie in the range gB0pΣ+
b
= −(6 ∼ 10), recalling that gpiNN ≈ 14. We
shall see in Sec. III.A that the measurement of B− → Λcp¯π− can be used to extract the
coupling gB+pΛb which in turn provides information on gB0pΣ+b
. At any rate, the prediction
(2.15) is consistent with the current experimental limit 2.1× 10−4 [21]. Note that all earlier
predictions based on the QCD sum rule [7] or the pole model [10] or the diquark model [11]
are too large compared to experiment (see Table I). In the pole-model calculation in [10],
the weak matrix element is largely overestimated.
†In the bag model the low-lying negative parity baryon states are made of two quarks in the ground
1S1/2 eigenstate and one quark excited to 1P1/2 or 1P3/2. Consequently, the evaluation of the PC
matrix element for 12
− − 12
+
baryonic transition becomes much involved owing to the presence of
1P1/2 and 1P3/2 bag states.
6
III. THREE-BODY CHARMFUL BARYONIC DECAYS
A. B− → Λc p¯ pi−
The quark diagrams and the corresponding pole diagrams for B− → Λc p¯ π− are shown
in Fig. 2. There exist two distinct internal W emissions and only one of them is factorizable,
namely Fig. 2(b). The external W emission diagram Fig. 2(a) is of course factorizable.
Therefore, unlike the two-body decay B
0 → Λcp¯, the three-body mode B− → Λc p¯ π− does
receive sizable factorizable contributions
A(B− → Λcp¯π−)fact = GF√
2
VcbV
∗
ud
{
a1〈π−|(d¯u)|0〉〈Λcp¯|(c¯b)|B−〉
+ a2〈π−|(d¯b)|B−〉〈Λcp¯|(c¯u)|0〉
}
≡ A1 + A2, (3.1)
where naively a1 = c
eff
1 +c
eff
2 /Nc and a2 = c
eff
2 +c
eff
1 /Nc, to which we will come back later. Un-
fortunately, in practice we do not know how to evaluate the 3-body hadronic matrix element
〈Λcp¯|(c¯b)|B−〉. Thus we will instead evaluate the corresponding low-lying pole diagrams for
external W -emission, namely, the strong process B− → Λ(∗)b p¯, followed by the weak decay
Λ
(∗)
b → Λcπ− [see Fig. 2(a)]. Its amplitude is given by
A1 = −GF√
2
VudV
∗
cb gB+pΛbfpi a1 u¯Λc
{
fΛbΛc1 (m
2
pi)[2ppi · pΛc + p/pi(mΛb −mΛc)]γ5
+gΛbΛc1 (m
2
pi)[2ppi · pΛc − p/pi(mΛb +mΛc)]
}
vp¯ × 1
(pΛc + ppi)
2 −m2Λb
, (3.2)
where we have applied factorization to the weak decay Λb → Λcπ and employed the form
factors defined by
〈Λ+c (pΛc)|(c¯b)|Λ0b(pΛb)〉 = u¯Λc
{
fΛbΛc1 (p
2
pi)γµ + i
fΛbΛc2 (p
2
pi)
mΛb
σµνp
ν
pi +
fΛbΛc3 (p
2
pi)
mΛb
ppiµ
−[gΛbΛc1 (p2pi)γµ + i
gΛbΛc2 (p
2
pi)
mΛb
σµνp
ν
pi +
gΛbΛc3 (p
2
pi)
mΛb
ppiµ]γ5
}
uΛb, (3.3)
where ppi = pΛb − pΛc . Note that the 12
−
intermediate state Λ∗b makes no contribution as
the matrix element 〈Λc|(c¯b)|Λ∗b〉 vanishes. Likewise, the intermediate states Σ0b and Σ0∗b also
do not contribute to A1 under the factorization approximation because the weak transition
〈Λc|(c¯b)|Σ0(∗)b 〉 is prohibited as Σb and Σ∗b are sextet bottom baryons whereas Λc is a anti-
triplet charmed baryon.
To evaluate the fcatorizable amplitude A2, as shown in Fig. 2(b), we apply the
parametrization for the B − π matrix element
〈π−(ppi)|(d¯b)|B−(pB)〉 = FBpi1 (q2)(pB + ppi)µ +
(
FBpi0 (q
2)− FBpi1 (q2)
) m2B −m2pi
q2
qµ, (3.4)
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FIG. 2. Some pole diagrams for B− → Λcp¯pi− where the symbol • denotes the weak vertex. (a)
and (b) correspond to factorizable external and internal W -emission contributions, respectively,
while (c) to nonfactorizable internal W -emission diagrams. There are two pole diagrams corre-
sponding to the quark diagram in (c).
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and obtain
A2 =
GF√
2
VudV
∗
cb a2u¯Λc [(ap/pi + b)− (cp/pi + d)γ5] vp, (3.5)
where
a = 2fΛcp1 (t)F
Bpi
1 (t) + 2f
Λcp
2 (t)F
Bpi
1 (t)(mΛc +mp)/mΛc ,
b = (mΛc −mp)fΛcp1 (t)
[
FBpi1 (t) + (F
Bpi
0 (t)− FBpi1 (t))
m2B −m2pi
t
]
−2fΛcp2 (t)FBpi1 (t)(pΛc − pp) · ppi/mΛc + fΛcp3 (t)FBpi0 (t)(m2B −m2pi)/mΛc ,
c = 2gΛcp1 (t)F
Bpi
1 (t) + 2g
Λcp
2 (t)F
Bpi
1 (t)(mΛc −mp)/mΛc ,
d = (mΛc +mp)g
Λcp
1 (t)
[
FBpi1 (t) + (F
Bpi
0 (t)− FBpi1 (t))
m2B −m2pi
t
]
−2gΛcp2 (t)FBpi1 (t)(pΛc − pp) · ppi/mΛc + gΛcp3 (t)FBpi0 (t)(m2B −m2pi)/mΛc , (3.6)
and t ≡ q2 = (pB − ppi)2 = (pΛc + pp)2.
The form factors fi and gi for the heavy-to-heavy and heavy-to-light baryonic transitions
at zero recoil have been computed using the non-relativistic quark model [26]. In principle,
HQET puts some constraints on these form factors. However, it is clear that HQET is not
adequate for our purposes: the predictive power of HQET for the baryon form factors at
order 1/mQ is limited only to the antitriplet-to-antitriplet heavy baryonic transition. Hence,
we will follow [26] to apply the nonrelativistic quark model to evaluate the weak current-
induced baryon form factors at zero recoil in the rest frame of the heavy parent baryon,
where the quark model is most trustworthy. This quark model approach has the merit that
it is applicable to heavy-to-heavy and heavy-to-light baryonic transitions at maximum q2 and
that it becomes meaningful to consider 1/mq corrections as long as the recoil momentum is
smaller than the mq scale. It has been shown in [26] that the quark model predictions agree
with HQET for the antitriplet-to-antitriplet (e.g., Λb → Λc, Ξb → Ξc) form factors to order
1/mQ. For sextet Σb → Σc and Ωb → Ωc transitions, the quark-model results are also in
accord with the HQET predictions (for details see [27]). Numerically we have [27]
fΛbΛc1 (q
2
m) = g
ΛbΛc
1 (q
2
m) = 1.02, f
ΛbΛc
2 (q
2
m) = g
ΛbΛc
3 (q
2
m) = −0.23,
fΛbΛc3 (q
2
m) = g
ΛbΛc
2 (q
2
m) = −0.03, (3.7)
for the Λb − Λc transition at zero recoil q2m = (mΛb −mΛc)2, and [26]
fΛcp1 (q
2
m) = g
Λcp
1 (q
2
m) = 0.80, f
Λcp
2 (q
2
m) = g
Λcp
3 (q
2
m) = −0.21,
fΛcp3 (q
2
m) = g
Λcp
2 (q
2
m) = −0.07, (3.8)
for the Λc − p transition at q2m = (mΛc −mp)2.
Since the calculation for the q2 dependence of form factors is beyond the scope of the non-
relativistic quark model, we will follow the conventional practice to assume a pole dominance
for the form-factor q2 behavior:
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f(q2) = f(q2m)
(
1− q2m/m2V
1− q2/m2V
)n
, g(q2) = g(q2m)
(
1− q2m/m2A
1− q2/m2A
)n
, (3.9)
where mV (mA) is the pole mass of the vector (axial-vector) meson with the same quantum
number as the current under consideration. The function
G(q2) =
(
1− q2m/m2pole
1− q2/m2pole
)n
(3.10)
plays the role of the baryon Isgur-Wise function ζ(ω) for the ΛQ → ΛQ′ transition, namely,
G = 1 at q2 = q2m. The function ζ(ω) has been calculated in the literature in various different
models [28–33]. Using the pole masses mV = 6.34 GeV, mA = 6.73 GeV for the Λb → Λc
transition, it is found that G(q2) is consistent with the earlier soliton model [28] and MIT
bag model [29] calculation of ζ(ω) for n = 2 [26]. However, a recent calculation of ζ(ω) in
[33] yields
ζ(ω) =
(
2
1 + ω
)1.23+0.4/ω
(3.11)
and this favors n = 1. Therefore, whether the q2 dependence is monopole or dipole for heavy-
to-heavy transitions is not clear. Hence we shall use both monopole and dipole dependence
in ensuing calculations. Moreover, one should bear in mind that the q2 behavior of form
factors is probably more complicated and it is likely that a simple pole dominance only
applies to a certain q2 region, especially for the heavy-to-light transition. For the Λc − p
transition, we will use the pole masses mV = 2.01 GeV and mA = 2.42 GeV and assume
dipole q2 dependence.
For the form factors FBpi0,1 (q
2) we consider the recently proposed Melikhov-Stech (MS)
model based on the constituent quark picture [34]. Although the form factor q2 dependence
is in general model dependent, it should be stressed that FBpi1 (q
2) increases with q2 more
rapidly than FBpi0 (q
2) as required by heavy quark symmetry. We shall see below that the
predicted decay rates are insensitive to the choice of form-factor models.
Thus far we have only discussed factorizable contributions. The nonfactorizable effects
are conventionally estimated by evaluating the corresponding pole diagrams. The processes
B− → π− + B∗0
→֒ p¯+ Λc
B− → Λc + ∆¯−−
→֒ p¯+ π− (3.12)
are some examples of the pole diagrams shown in Figs. 2(c) and 2(d); they correspond to
nonfactorizable internal W -emission. Presumably these nonfactorizable contributions will
affect the parameter a2 substantially.
The total decay rate for the process B−(pB)→ Λc(p1) + p¯(p2) + π−(p3) is computed by
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Γ =
1
(2π)3
1
32m3B
∫
|A|2dm212dm223, (3.13)
or
Γ =
1
(2π)3
1
16m2B
∫
|A|2dEpidm223, (3.14)
where Epi is the energy of the outgoing pion, and m
2
ij = (pi + pj)
2 with p3 = ppi. For a given
Epi, the range of m
2
23 is fixed by kinematics. Under naive factorization, the parameter a2
appearing in Eq. (3.1) is numerically equal to 0.024, which is very small compared to the
value of a2 = 0.40 − 0.55 extracted from B0 → D0(∗)π0 decays [35] and |a2| = 0.26 ± 0.02
in B → J/ψK decay [36]. As stated before, a2 may receive sizable contributions from
nonfactorizable pole diagrams Figs. 2(c) and 2(d). Therefore, we will treat a2 as a free
parameter and take a2 = 0.30 as an illustration. For strong coupling constants a simple
quark-pair-creation model yields (see Appendix C of [10] for detail)
|gB+pΛb| = 3
√
3/2 |gB0pΣ+
b
|. (3.15)
Hence, the strong coupling constant |gB+pΛb| is much larger than |gB0pΣ+b |. Putting everything
together we obtain numerically
B(B− → Λcp¯π−) =
{
(10.0r2 + 0.04− 0.8r)× 10−4 for n = 1
(5.5r2 + 0.04− 0.6r)× 10−4 for n = 2
=
{
9.2× 10−4 for n = 1 and gB+pΛb = 16
4.9× 10−4 for n = 2 and gB+pΛb = 16
, (3.16)
where r = gB+pΛb/16 and the first two lines show explicitly the contributions from external
W -emission, internal W -emission and their interference, respectively. We find that the ex-
ternal W -emission and internal W -emission contribute destructively (constructively) if the
Λc−p baryonic form factor q2 dependence is of the dipole (monopole) form. From Eq. (3.16)
we find that the strong coupling constant gB+pΛb in the vicinity of order 16 can accommodate
the observed branching ratio of B− → Λcp¯π− [see Eq. (1.1)]. It follows from Eq. (3.15) that
|gB0pΣ+
b
| ∼ 4.3, which is close to the model estimate of 6 ∼ 10 given in [10]. It is likely that
the quark-pair-creation-model calculation of strong couplings is more reliable for their ratios
than their absolute values.
We have checked explicitly that the results are fairly insensitive to the choice of B − π
form factors. For example, we have computed the branching ratios using the three different
form-factor models given in [37] and found that the difference in rates is at most at the level
of 5%.
Evidently, the calculated branching ratios are in agreement with experiment (1.1). There
are several reasons why the three-body decay rate of B− → Λcp¯π− is larger than that of the
two-body one B
0 → Λcp¯. (i) The former decay receives external and internal W -emission
contributions, whereas the color-suppressed factorizable W -exchange contribution to the
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latter is greatly suppressed. (ii) At the pole-diagram level, the Σb propagator in the pole
amplitude for the latter is of order 1/(m2b−m2c), while the invariant mass of the (Λcp¯) system
can be large enough in the former decay so that its propagator in the pole diagram is not
subject to the same 1/m2b suppression. (iii) The strong coupling constant for Λb → B−p is
larger than that for Σ+b → B0p.
B. B− → Λc p¯ ρ−
Naively it is expected that Λcp¯ρ
− has a larger rate than Λcp¯π
− due to the three polar-
ization states for the ρ meson. The calculation for B− → Λc p¯ ρ− is the same as that for
B− → Λc p¯ π− except that two of the matrix elements are replaced by
〈ρ−|(d¯u)|0〉 = fρmρε∗µ, (3.17)
and
〈ρ−|(d¯b)|B−〉 = 2
mB +mρ
ǫµναβε
∗νpαBp
β
ρV
Bρ(q2)− i
{
(mB +mρ)ε
∗
µA
Bρ
1 (q
2)
− ε
∗ · pB
mB +mρ
(pB + pρ)µA
Bρ
2 (q
2)− 2mρ ε
∗ · pB
q2
qµ
[
ABρ3 (q
2)− ABρ0 (q2)
] }
, (3.18)
where q = pB − pρ = pΛc + pp and
ABρ3 (q
2) =
mB +mρ
2mρ
ABρ1 (q
2)− mB −mρ
2mρ
ABρ2 (q
2). (3.19)
Obviously the calculation is much more involved owing to the presence of the four form
factors V, A0, A1, A2 compared to the pion case where there are only two form factors F0
and F1.
A straightforward but tedious calculation yields
B(B− → Λc p¯ ρ−) =
{
(2.6r2 + 0.02− 0.3r)× 10−3 for n = 1
(1.5r2 + 0.02− 0.2r)× 10−3 for n = 2
=
{
2.3× 10−3 for n = 1 and gB+pΛb = 16
1.3× 10−3 for n = 2 and gB+pΛb = 16
, (3.20)
where we have used the decay constant fρ = 216 MeV and the MS model [34] for the B − ρ
form factors. As in the previous case, the contributions from external W -emission, internal
W -emission and their interference are shown explicitly in the first two lines of the above
equation. Again we have checked explicitly that the predictions are insensitive to the form-
factor models for the B− ρ transition. Note that the predicted branching ratio is consistent
with the current limit on B− → Λcp¯π−π0 [see Eq. (1.1)]. The ratio
Γ(B− → Λc p¯ ρ−)
Γ(B− → Λc p¯ π−) = 2.6 (3.21)
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for n = 1 or 2 is independent of the strong coupling gB+pΛc and hence its prediction should
be more trustworthy. Experimentally it is important to search for the B decay into Λcp¯ρ
−
and have a refined measurement of Λcp¯π
− in order to understand their underlying decay
mechanism.
IV. CONCLUSIONS
We have studied the two-body and three-body charmful baryonic B decays: B
0 → Λc p¯
and B− → Λc p¯ π−(ρ−). The factorizable W -exchange contribution to B0 → Λc p¯ is
negligible. Applying the bag model to evaluate the weak Σb − Λc transition, we find
B(B0 → Λc p¯) <∼ 1.1 × 10−5|gB0pΣ+b /6|
2 with gB0pΣ+
b
being a strong coupling for the decay
Σ+b → B0p and the predicted branching ratio is well below the current experimental limit
2.1 × 10−4. Contrary to the two-body mode, the three-body decay B− → Λc p¯π− receives
factorizable external and internal W -emission contributions. The external W -emission am-
plitude involves a three-body hadronic matrix element that cannot be evaluated directly.
Instead we consider the corresponding pole diagram that mimics the external W -emission at
the quark level. It is found that the factorizable contributions to B− → Λc p¯π− can account
for the observed branching ratio of order 6× 10−4. The strong coupling |gB+pΛb | is extracted
to be of order 16, which in turn implies |gB0pΣ+
b
| ∼ 4.3 under the quark-pair-creation model
assumption. The decay rate of B− → Λc p¯ρ− is larger than that of B− → Λc p¯π− by a factor
of 2.6. We have shown and explained why the 3-body charmful baryonic B decay in general
has a larger rate than the 2-body one.
Finally, our present study is ready to generalize to other charmful baryonic B decays, e.g.
B → Λc∆¯, ΣcN¯ , B → Λc∆¯π(ρ), ΣcN¯π(ρ), · · · , etc. Experimentally it would be interesting
and important to measure these hadronic decays.
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APPENDIX
In this Appendix we evaluate the baryon matrix elements in the MIT bag model [23]. In
this model the quark spatial wave function is given by
ψ
S1/2
=
N−1
(4πR3)1/2
(
ij0(xr/R)χ
−√ǫj1(xr/R)~σ · rˆχ
)
≡
(
iu(r)χ
v(r)~σ · rˆχ
)
(A1)
for the quark in the ground (1S1/2) state, where j0 and j1 are spherical Bessel functions. The
normalization factor reads
N−1 =
x2
[2ω(ω − 1) +mR]1/2 sin x, (A2)
where ǫ = (ω −mR)/(ω +mR), x = (ω2 −m2R2)1/2 for a quark of mass m existing within
a bag of radius R in mode ω. For convenience, we have dropped in Eq. (A2) the subscript
−1 for x, ω and R. The eigenvalue x is determined by the transcendental equation
tan x =
x
1−mR − (x2 +m2R2)1/2 . (A3)
In terms of the large and small components u(r) and v(r) of the 1S1/2 quark wave function,
the matrix elements of the two-quark operators Vµ(x) = q¯
′γµq and Aµ(x) = q¯
′γµγ5q are given
by
〈q′|V0|q〉 = u′u+ v′v,
〈q′|A0|q〉 = −i(u′v − v′u)~σ · rˆ,
〈q′|~V |q〉 = −(u′v + v′u)~σ × rˆ − i(u′v − v′u)rˆ,
〈q′| ~A|q〉 = (u′u− v′v)~σ + 2v′v rˆ~σ · rˆ. (A4)
The four-quark operators O1 = (c¯b)(d¯u) and O2 = (c¯u)(d¯b) can be written as O1(x) =
6(c¯b)1(d¯u)2 and O2 = 6(c¯u)1(d¯b)2, where the subscript i on the r.h.s. of O1,2 indicates that
the quark operator acts only on the ith quark in the baryon wave function. It follows from
Eq. (A4) that the PC matrix elements have the form
∫
r2dr〈q′1q′2|(c¯b)1(d¯u)2|q1q2〉 = (−X1 +X2)−
1
3
(X1 + 3X2)~σ1 · ~σ2,∫
r2dr〈q′1q′2|(d¯b)1(c¯u)2|q1q2〉 = (X1 +X2)−
1
3
(−X1 + 3X2)~σ1 · ~σ2, (A5)
where the bag integrals are defined in Eq. (2.11) and use has been made of
∫
dΩ rˆirˆj =
δij
3
∫
dΩ, (A6)
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and those terms odd in rˆ have been dropped since they vanish after spatial integration. Note
that we have applied the isospin symmetry on the quark wave functions, namely ud(r) =
uu(r) and vd(r) = vu(r), to derive Eq. (A5).
We also need the spin-flavor wave functions of the baryons involved such as
Λ+c ↑ =
1√
6
[(cud− cdu)χA + (12) + (13)],
Σ+b ↑ =
1√
3
[buuχs + (12) + (13)], (A7)
p+ ↑ = 1√
3
[duuχs + (12) + (13)],
where abcχs = (2a
↓b↑c↑−a↑b↑c↓−a↑b↓c↑)/√6, abcχA = (a↑b↑c↓−a↑b↓c↑)/
√
2, and (ij) means
permutation for the quark in place i with the quark in place j. Applying Eq. (A7) yields
〈Λ+c ↑ |b†1cb1bb†2db2u|Σ+b ↑〉 = 0,
〈Λ+c ↑ |b†1cb1bb†2db2u(~σ1 · ~σ2)|Σ+b ↑〉 =
1√
6
,
〈Λ+c ↑ |b†1cb1ub†2db2b|Σ+b ↑〉 =
1
2
√
6
, (A8)
〈Λ+c ↑ |b†1cb1ub†2db2b(~σ1 · ~σ2)|Σ+b ↑〉 = −
1
2
√
6
.
In the above equation b†1q′ (b1q) denotes a quark creation (destruction) operator acting on the
first quark in the baryon wave function. It is easily seen that 〈Λ+c |O1|Σ+b 〉 = −〈Λ+c |O2|Σ+b 〉
and hence 〈Λ+c |O+|Σ+b 〉 = 0, as it should be. The PC matrix element in Eq. (2.10)
〈Λ+c |OPC− |Σ+b 〉 = −
4√
6
(X1 + 3X2)(4π) (A9)
then follows from (A5) and (A8).
For numerical estimates of the bag integrals X1 and X2, we use the bag parameters
mu = md = 0, ms = 0.279GeV, mc = 1.551GeV, mb = 5.0GeV,
xu = 2.043 , xs = 2.488 , xc = 2.948 , xb = 3.079 , R = 5.0GeV
−1. (A10)
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